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DESCRIPTION 

ARRAYED WAVEGUIDE GRATING TYPE OPTICAL 
MULTIPLEXER/DEMULTIPLEXER CIRCUIT 

TECHNICAL FIELD 
[0001] 

The present invention relates to an arrayed waveguide 
grating type optical multiplexer/ demultiplexer for use in 
optical wavelength division multiplexing communication 
systems. 

BACKGROUND ART 
[0002] 

is At present , development of an optical wavelength 

division multiplexing communication system using a plurality 
of optical wavelengths being actively pursued in order to 
increase communication capacity . In this optical wavelength 
division multiplexing communication system, an arrayed 

20 waveguide grating type optical multiplexer/demultiplexer 
circuit is widely used in optical wavelength multiplexing 
and demultiplexing circuits for multiplexing a plurality of 
optical signals at the transmitter side or for demultiplexing 
a plurality of optical signals traveling through one optical 

25 fiber into different ports at the receiver side. 
[0003] 

Fig. 8 is a block diagram of a conventional arrayed 
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waveguide grating type optical multiplexer/demultiplexer 
circuit . 
[0004] 

As shown in Fig. 8, a conventional arrayed waveguide 
5 grating type optical multiplexer/demultiplexer circuit has 
an input waveguide 1, a first slab waveguide 2 connected to 
the input waveguide 1, an arrayed waveguide 3 connected to 
the first slab waveguide 2 and constituted of a plurality 
of optical waveguides sequentially becoming longer with a 

10 predetermined waveguide length differences , a second slab 
waveguide 4 connected to the arrayed waveguide 3 , and a 
plurality of output waveguides 5 connected to the second slab 
waveguide 4 ( for an example, refer to K. Okamoto, "Fundamentals 
of Optical Waveguides" , Academic Press , pp. 346-381, 2000). 

is These are constituted by using an optical waveguide which 
is made up of a core with high refractive index formed on 
a flat substrate 10 and a clad around the core. 
[0005] 

In the case of the conventional arrayed waveguide 
20 grating type optical multiplexer/demultiplexer circuit shown 
in Fig. 8, the light led into the input waveguide 1 is spread 
in the first slab waveguide 2 and branched to respective 
optical waveguides in the arrayed waveguide 3. Moreover, 
the light is multiplexed by the second slab waveguide 4 again 
25 and led into the output waveguides 5 . In this case , an optical 
field pattern projected to an end of the first slab waveguide 
2 at the arrayed waveguide 3 side is basically replicated 
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to an end of the second slab waveguide 4 at the arrayed waveguide 
3 side. 
[0006] 

Furthermore , because the arrayed waveguide 3 is provided 
so that adjacent optical waveguides differ from each other 
in optical path length by AL, an optical field has an 
inclination which depends on the wavelength of the input light . 
The optical field changes its focusing position depending 
on each wavelength by the inclination at the output waveguide 
5 side of the second slab waveguide 4 and as a result , it 
is possible to demultiplex the wavelength. Upon receiving 
light from the output waveguide 5 side, due to reciprocity 
of light, light of different wavelength is multiplexed and 
emitted from the input waveguide 1. 
[0007] 

This arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit is becoming an 
indispensable optical component in optical multiplex 
communication systems in that it can make a single optical 
fiber transmit a plurality of signals of different wavelength . 
[0008] 

Moreover, various pass -band-expansion arrayed 
waveguide grating type optical multiplexer/demultiplexer 
circuits have been proposed which respectively expand the 
transmission wavelength band width of the arrayed waveguide 
grating type optical mult iplexer /demultiplexer circuit shown 
in Fig. 8 (for an example, refer to K. Okamoto and A. Sugita, 



"Flat spectral response arrayed- Waveguide grating 
multiplexer with Parabola waveguide horns". Electronics 
Letters, Vol. 32, No. 18, pp. 1661-1662, 1996). 
[0009] 

5 Figs . 9A and 9B are block diagrams of a conventional 

pass -band-expansion arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit . 
[0010] 

As shown in Fig. 9A, the conventional 
10 pass -band-expansion arrayed waveguide grating type optical 
multiplexer /demultiplexer circuit has a configuration in 
which a parabola waveguide 6 in a parabolic shape is provided 
between the input waveguide 1 and the first slab waveguide 
2 of the conventional arrayed waveguide grating type optical 
15 multiplexer /demultiplexer circuit shown in Fig. 8 . As shown 
in Fig. 9B, when expressing a coefficient as A, the width 
of the input waveguide 1 as W 0/ and the length of the parabola 
waveguide 6 from the first slab waveguide 2 as Z 0f the width 
W of the input optical waveguide 1 contacting with the first 
20 slab waveguide 2 is defined with respect to the propagation 
axis Z of the optical wave by the following equation. 
Z = A(W 2 -W 0 2 )-Z 0 
[0011] 

When using this parabola waveguide 6, an optical field 
25 formed by the parabola waveguide 6 becomes distributions shown 
in Figs. 10A and 10B. Fig. 10A a three-dimensional 
distribution illustration of an optical field in the parabola 
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waveguide 6 shown in Fig.9B and Fig. 10B is a two-dimensional 
distribution illustration of an optical field in the width 
direction (x direction) of the parabola waveguide 6 at an 
end portion of the parabola waveguide 6 , that is , the boundary 
5 between the parabola waveguide 6 and the first slab waveguide 
2. 

[0012] 

As shown in Fig. 10A, the optical field in the input 
waveguide 1 has one peak. However, in the parabola waveguide 

10 6 (at the right portion of the position of Z = -Z 0 in Fig. 10A) , 
a distribution of optical fields having two peaks is formed. 
Moreover, the distribution of optical fields at the boundary 
portion at which the parabola waveguide 6 contacts with the 
slab waveguide 2 has a double peak as shown in Fig. 10B. 

15 Accordingly, at the end of the second slab waveguide 4 at 
the output waveguide 5 side, the optical field having the 
double peak is also reproduced and combined with the output 
waveguide 5. Therefore, it is possible to expand a 
transmission wavelength band. 

20 [0013] 

However, the conventional pass -band- expansion arrayed 
waveguide grating type optical multiplexer/demultiplexer 
circuit provided with the above parabola waveguide has a 
serious drawback. That is, it has a high wavelength 
25 dispersion value due to a phase distribution in the parabola 
waveguide. Fig. 11 shows graphs of wavelength dispersion 
and loss with respect to an optical wavelength in the 
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conventional pass -band-expansion arrayed waveguide grating 
type optical multiplexer/demultiplexer circuit . As obvious 
in Fig, 11, it is found that the wavelength dispersion value 
with respect to the optical wavelength is high at the central 
5 wavelength, which is taken as a maximum wavelength dispersion 
value, and greatly changes in wavelength regions around the 
central wavelength. This wavelength dispersion 
characteristic causes a problem that an optical signal ( pulse ) 
is extremely deteriorated because the dispersion provides 
10 different delay times for optical signal spectrum components 
in one channel . 
[0014] 

The present invention is made to solve the above problem 
and its object is to provide an arrayed waveguide grating 
15 type optical multiplexer/demultiplexer circuit with reduced 
wavelength dispersion . 

DISCLOSURE OF THE INVENTION 

[0015] 

20 An arrayed waveguide grating type optical 

multiplexer/demultiplexer circuit for solving the above 
problem is constituted by using optical waveguides provided 
with a core with high refractive index on a flat substrate 
and a clad around the core; and comprises a plurality of first 

25 optical waveguides, a first slab waveguide connected to the 
first optical waveguides, an arrayed waveguide constituted 
of a plurality of optical waveguides which are connected to 



the first slab waveguide and each of which length sequentially 
becomes longer with a prescribed waveguide length difference , 
a second slab waveguide connected to the arrayed waveguide, 
and a plurality of second optical waveguides connected to 
5 the second slab waveguide; further comprises 

a parabola waveguide in which a width W of the first 
optical waveguide contacting with the first slab waveguide 
is defined by the following equation with respect to the 
propagation axis Z of optical wave: 

10 Z=A(W 2 -W 0 2 )-Z 0 

where A: a coefficient, W 0 : a width of the first optical 
waveguide, and Z 0 : a length of the first slab waveguide, and 
a taper waveguide in which a width W of the second 
optical waveguide contacting with the second slab waveguide 

15 is defined by the following equation with respect to the 
propagation axis Z of optical wave: 
Z=A f (W'-Wo' )-Z 0 ' 

where A' : a coefficient, W 0 ' : a width of the second optical 
waveguide, and Z 0 ': a length of the second slab waveguide, 

20 and is characterized in that a parabola waveguide length Z 0 
is set in a range Z a , 0 ^Z 0 2£Zp,o determined by a parabola waveguide 
length Z a ,o where the ratio of amplitude absolute values 
between the main peak and the first side peak in the field 
distribution of far-field of the parabola waveguide has an 

25 upper limit of 0.217, and a parabola wavelength Z p#0 where 
the relative phase of the main peak and the first side peak 
in the field distribution of far- field has a lower limit of 
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3.14 radian. 
[0016] 

Moreover, an arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit of the present invention 
5 for solving the above problem is characterized in that the 
optical waveguide comprises a quartz -glass optical waveguide 
on a flat silicon substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0017] 

Fig . 1 is a graph showing amplitude and phase of a general 
sine function; 

Fig. 2 is a graph showing amplitude and phase in the 
far- field of a parabola waveguide; 
15 Fig. 3 is a graph showing a relation between amplitude 

and phase of a first side peak to a main peak and variable 
£ showing structure of the parabola waveguide; 

Fig. 4 is a graph showing a relation between wavelength 
dispersion and variable ^ showing a structure of the parabola 
20 waveguide ; 

Fig . 5A is a block diagram of an arrayed waveguide grating 
type optical multiplexer/demultiplexer circuit showing an 
embodiment of the present invention and an overall view 
thereof ; 

25 Fig. 5Bis a block diagram of an arrayed waveguide grating 

type optical multiplexer/demultiplexer circuit of an 
embodiment of the present invention, that is, a block diagram 



of a parabola waveguide; 

Fig. 5Cis a block diagram of an arrayed waveguide grating 
type optical multiplexer/demultiplexer circuit showing an 
embodiment of the present invention, that is , a block diagram 
5 of a taper waveguide; 

Figs. 6A to 6E are illustrations showing manufacturing 
steps of an arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit of the present invention; 

Fig. 7A is a graph showing a relation between parabola 
10 waveguide length Z 0 and wavelength dispersion of an arrayed 
waveguide grating type optical multiplexer/demultiplexer 
circuit of the present invention; 

Fig. 7B is a graph showing a wavelength dispersion 
characteristic and loss of an arrayed waveguide grating type 
15 optical multiplexer/demultiplexer circuit of the present 
invention; 

Fig. 8 is a block diagram of a conventional arrayed 
waveguide grating type optical multiplexer/demultiplexer 
circuit; 

20 Fig. 9A is a block diagram of a conventional 

pass -band-expansion arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit and an overall view of 
thereof; 

Fig. 9B is a block diagram of a conventional 
25 pass -band-expansion arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit, that is, a block diagram 
of a parabola waveguide; 
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Figs. 10A and 10B are distribution illustrations of 
an optical field of a parabola waveguide; and 

Fig. 11 is a graph showing a wavelength dispersion 
characteristic and loss of a conventional 

pass - band - expansion arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] 

For an arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit to have a pass band of a 
flat transmission characteristic and low wavelength 
dispersion, it is preferable that the circuit has a parabola 
waveguide and the field distribution of far-fields of the 
parabola waveguide is equiphase and rectangular. In this 
case, it is known that the amplitude of the field distribution 
of far- fields of the parabola waveguide becomes a sine 
function. 
[0019] 

The equation of a general sine function is shown below. 
Fig. 1 is an illustration showing a graph of amplitude and 
phase to be a sine function. 

G(U = sink (pU= sin(pU/ P^ 

In this case, the variable £ is an angle (rad.) value 
normalized by p. 
[0020] 

As shown in Fig. 1, the amplitude serving as a sine 
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function becomes a distribution having a main peak at the 
center and symmetrically having a plurality of small peaks 
at both sides thereof. Moreover, the sine function is a real 
function and its imaginary part is zero. Therefore, phase 
5 planes become equal. That is, a phase characteristics shows 
a rectangular shape having a flat phase (equiphase) portion 
close to the variable £=0. 
[0021] 

However, the field distribution of far-fields of an 
10 actual parabola waveguide becomes that of the graph shown 
in Fig. 2. As shown in Fig. 2, amplitudes of the field 
distribution of far-fields of the parabola waveguide are 
similar to the sine function and show a distribution in which 
two side peaks (first side peaks) are present at the both 
15 sides of a main peak. Moreover, phases show a distribution 
having an almost flat phase portion close to the angle 9=0. 
In the graph in Fig. 2, the amplitude indicates an absolute 
value and the angle 0 is obtained by putting the traveling 
direction (optical axis) of a light wave incident on the 
20 parabola waveguide to 0 . 
[0022] 

As understood from the comparison between Figs . 1 and 
2, to realize an ideal field distribution, that is, an 
equiphase rectangular field distribution, it is allowed to 
25 consider the amplitude and phase of a first side peak as 
approximate scales with a sine function on the basis of the 
amplitude and phase of the main peak in the field distribution 
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of far-fields of an actual parabola waveguide. That is, the 
present invention realizes an equiphase rectangular field 
distribution and the transmission characteristic and 
low-wavelength dispersion of a flat pass band by specifying 
the field distribution of far-fields of a parabola waveguide 
as an approximate scale with a sine function in an arrayed 
waveguide grating type optical multiplexer/demultiplexer 
circuit . 
[0023] 

Fig. 3 shows the relative amplitude and relative phase 
of a first side peak to the amplitude and phase of a main 
peak as an approximate scale with a sine function in the field 
distribution of parabola waveguide far-fields. 
Specifically, the relative amplitude and relative phase of 
the first side peak are calculated by Fourier-transforming 
the near-field pattern of a parabola waveguide obtained by 
using the beam propagation method. Fig. 3 is obtained by 
expressing the amplitude of the first side peak as an relative 
amplitude when setting the amplitude of the main peak to 1 
and expressing the difference between phases of the first 
side peak to the phase of the main peak as the relative phase 
and plotting them to the variable £ respectively. This 
variable £ is a parameter showing the structure of a parabola 
waveguide and is normalized so that the length of a design 
value of a conventional parabola waveguide becomes < = 1. In 
Fig. 3, Z 0 is set to 250 pm. The value of Z 0 of a parabola 
waveguide depends on the transmission characteristic of a 



12 



pass band, etc. , moreover, depends on the value of A in Fig. 
9B. 

[0024] 

Referring to Fig. 1, the relative amplitude of a sine 
5 function is 0.217 and the relative phase thereof is 3.14. 
Referring to Fig . 3 , it is found that as the value of £ increases , 
both of the relative amplitude and relative phase tend to 
decrease. To make the value of a conventional design of £ = 1 
approach an ideal value of a sine function, it is necessary 
10 to bring ( to a value close to 1 . 5 from the viewpoint of the 
relative amplitude. Moreover, from the viewpoint of the 
relative phase, it is necessary to bring £ to a value nearby 
1.8. Therefore, though it is impossible to make the both 
values completely coincide with each ideal value of the sine 
is function, it is estimated that there is an optimum design 
point of the value of £ between 1 . 5 and 1.8. 
[0025] 

Therefore, to confirm the optimum design point of 
wavelength dispersion to the variable Fig. 4 shows the 

20 wavelength dispersion characteristic in an arrayed waveguide 
grating type optical multiplexer/demultiplexer circuit 
having a parabola waveguide whose structure is specified by 
< and whose pass band is expanded. Moreover, this shows the 
dependency of wavelength dispersion on the variable £ showing 

25 the structure of a parabola waveguide on a wavelength (for 
example , wavelength close to 1 , 550 nm in Fig . 11 ) for providing 
highest wavelength dispersion in a channel. This arrayed 
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waveguide grating type optical multiplexer/demultiplexer 
circuit has a channel spacing of 50 GHz. 
[0026] 

As shown by the graph in Fig . 4 , when setting the variable 
5 { to 1.6, wavelength dispersion becomes zero. This value 
ranges between 1.5 and 1.8 and therefore, it is possible to 
confirm the presence of the optimum design point as previously 
described. That is, by properly setting the variable £ 
showing the structure of a parabola waveguide, the field 

10 distribution of far-fields of the parabola waveguide is 
properly defined and this represents that a wavelength 
dispersion value is resultant ly decreased. Specifically, 
the variable £ becomes an optimum value for reducing wavelength 
dispersion under a condition (refer to Fig. 3) determined 

15 by £ to take 0.217 as an upper limit in an relative amplitude 
and £ to take 3.14 as a lower limit in a relative phase. 
Therefore, it is possible to simultaneously realize the broad 
band characteristic of a transmission wavelength of a 
conventional parabola waveguide and the low wavelength 

20 dispersion characteristic which has not been realized so far 
at the same time. 
[0027] 

Moreover, conventionally to derive wavelength 
dispersion, the whole arrayed waveguide grating type optical 
25 multiplexer/demultiplexer circuit is analyzed through 

numerical calculation to derive wavelength dispersion from 
second order differentiation of the phase angle of the transfer 



function of the analyzed value. However, in the present 
invention, because the procedure for deriving wavelength 
dispersion can be omitted by using the variable ^ it is 
possible to provide a guide for properly determining the length 
of a parabola waveguide and greatly shorten the design time 
for optical circuit manufacturing. 
[0028] 

Fig. 5A shows a block diagram of an arrayed waveguide 
grating type optical multiplexer/demultiplexer circuit 
serving as an embodiment of the present invention for realizing 
the above advantage and the circuit is described in detail 
by referring to Fig. 5A. 
[0029] 

It is allowed that an arrayed waveguide grating type 
optical multiplexer/demultiplexer circuit of the present 
invention shown in Fig. 5A may have almost the same 
configuration as a conventional arrayed waveguide grating 
type optical multiplexer /demultiplexer circuit shown in Fig. 
8. That is, the circuit has an input waveguide 1 serving 
as a first optical waveguide, a first slab waveguide 2 
connected to the input waveguide 1 , an arrayed waveguide 3 
constituted of a plurality of optical waveguides which are 
connected to the first slab waveguide 2 and whose lengths 
sequentially become longer with a predetermined waveguide 
length difference, a second slab waveguide 4 connected to 
the arrayed waveguide 3, and an output waveguide 5 serving 
as second optical waveguides and a plurality thereof connected 
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to the second slab waveguide 4. These are constituted by 
using a core formed on a flat substrate 10 and having a high 
refractive index and an optical waveguide constituted of a 
clad around the core. It is also allowed to use a plurality 
of input waveguides 1. 
[0030] 

Moreover, a parabola waveguide 6 in a parabolic shape 
is arranged between the input waveguide 1 and the first slab 
waveguide 2 . The parabola waveguide 6 may be the same as 
that shown in Fig. 9B. When expressing A as a coefficient, 
W 0 as the width of the input waveguide 1, and Z 0 as the length 
of the parabola waveguide 6 from the first slab waveguide 
2, the width W of the input optical waveguide 1 contacting 
with the first slab waveguide 2 is defined by the following 
equation with respect to the propagation axis Z of optical 
wave (refer to Fig. 5B) . 

Z o A(W 2 -W 0 2 )-Z 0 ... (1) 

In this case, the following conditions are satisfied: 
OssZss-Zq ' and A>0. 
[0031] 

However, in the case of the present invention, Z 0 is 
set so that the structure of the parabola waveguide defined 
by the above equation ( 1 ) has the variable ^ with low wavelength 
dispersion in accordance with the graphs shown in Figs. 3 
and 4. That is, it requires conditions that the parabola 
waveguide length Z 0 is present in a range decided by Z a 0 in 
which a ratio in the amplitude absolute value between the 
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main peak and the first side peaks of the field distribution 
for the parabola waveguide far-fields has an upper limit of 
0.217 and Z P/0 in which a relative phase between the main peak 
and the first side peaks in the field distribution for the 
5 parabola waveguide far- fields has a lower limit of 3 . 14 radian . 
That is, the condition of Z 0 is Z a , 0 **Z 0 <zZ p , 0 . 
[0032] 

Moreover, in the case of an arrayed waveguide grating 
type optical multiplexer/demultiplexer circuit of the 

10 present invention, a taper waveguide 7 is further arranged 
between the second slab waveguide 4 and the output waveguide 
5. In the case of the taper waveguide 7, when expressing 
A' as a coefficient, W 0 'as the width of the output waveguide 
5, Z 0 'as the length of the taper waveguide 7 from the second 

15 slab waveguide 4 , the width W of the output optical waveguide 
5 contacting with the second slab waveguide 4 is defined by 
the following equation with respect to the propagation axis 
Z of optical wave (Fig. 5C). 
Z = A 1 (Vr-Wo 1 )-Zo' 

20 In the above equation, the following conditions are 

satisfied: 0;>Z2>-Z 0 ' and As>0 . 
[0033] 

The above taper waveguide includes an optical waveguide 
with constant width when A' is equal to 0, that is, the 
25 inclination of the taper waveguide is 0 . But it is not always 
necessary that the waveguide has a tapered shape. 
[0034] 



Then , a manufacturing method of a waveguide of an optical 
circuit of the present invention is briefly described by 
referring to Figs, 6A to 6E. 
[0035] 

A lower clad glass soot 12 mainly containing Si0 2 and 
core glass soot 13 obtained by adding Ge0 2 to Si0 2 are deposited 
on a silicon substrate 11 serving as a flat substrate by using 
the Flame Hydrate Deposition method (Fig, 6A) . 
[0036] 

Thereafter, by transparent izing glass at a high 
temperature of 1,000°C or higher, the lower clad glass soot 
12 becomes a lower clad glass layer 14 and the core glass 
soot 13 becomes core glass 15. In this case, the lower clad 
glass soot 12 and core glass soot 13 are deposited so that 
the lower clad glass layer 14 has a thickness of 30pm and 
the core glass 15 has a thickness of 7pm (Fig. 6B) . 
[0037] 

Then, an etching mask 16 is formed on the core glass 
15 by using the photolithography technique (Fig. 6C) to pattern 
the core glass 15 through reactive ion etching (Fig. 6D) . 
In this case, an optical waveguide having the shape shown 
in Fig. 5 is formed. 
[0038] 

After removing the etching mask 16, an upper clad glass 
17 is formed again by the Flame Hydrate Deposition method. 
A dopant such as B 2 0 3 or P 2 0 5 is added to the upper clad glass 
17 to lower a glass transition temperature and the upper clad 
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glass 17 is filled in the narrow gap between the patterned 
core glasses 15 (Fig. 6E) . 
[0039] 

The above optical circuit shows an arrayed waveguide 
grating type optical multiplexer/demultiplexer circuit in 
which an optical waveguide is constituted of a quartz glass 
optical waveguide on a flat silicon substrate as an embodiment 
of the present invention . Even if the material of the optical 
waveguide is polyimide, silicone, semiconductor, LiNb0 3 or 
the like, the present invention can be applied. Moreover, 
the flat substrate is not restricted to silicon. 
[0040] 

To actually verify the dependency of the wavelength 
dispersion shown in Fig. 4 on the wavelength dispersion 
of an arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit in which a parabola 
waveguide length is designed in a range of 250 to 600 pm is 
measured. In this case, a parabola waveguide length Z 0 =250 
lim according to conventional design is used as a reference. 
Fig. 7A shows a relation between parabola waveguide length 
Z 0 and wavelength dispersion. That is, it is confirmed that 
wavelength dispersion becomes almost zero at ^=1.6, that 
it Z 0 =400 pm. 
[0041] 

Fig. 7B shows the wavelength dispersion characteristic 
and loss of an arrayed waveguide grating type optical 
multiplexer/demultiplexer circuit having a parabola 
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waveguide designed by setting £ to 1.6, that is, setting Z 0 
to 1 . 6x250 = 400pm and a channel spacing of 50 GHz. As shown 
in Fig. 7B, in the case of the arrayed waveguide grating type 
optical multiplexer/demultiplexer circuit of the present 
invention, a low wavelength dispersion characteristic of -15 
ps/nm or less is realized and it is possible to almost flatten 
the wavelength dispersion to a wavelength within 3 dB band. 
This wavelength dispersion is greatly decreased up to almost 
1/4 (approx. 26%) compared to the dispersion value -58 ps/nm 
according to conventional design shown in Fig. 4. 
Industrial Applicability 
[0042] 

The present invention makes it possible to expand the 
transmission pass band of an arrayed waveguide grating type 
optical multiplexer/demultiplexer circuit and realize 
reduction of wavelength dispersion which has not been achieved 
so far at the same time. Moreover, by providing a parabola 
waveguide design guide which is not clarified in the prior 
art, it is possible to design efficiently. 
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